This report describes an analysis of patient and procedural factors associated with a higher proportion of harm or death versus no harm in the first 4,000 incidents reported to webAIRS. The report is supplementary to a previous cross-sectional report on the first 4,000 incidents reported to webAIRS. The aim of this analysis was to identify potential patient or procedural factors that are more common in incidents resulting in harm or death than in incidents with more benign outcomes. There was a >50% higher proportion of harm (versus no harm) for incidents in which the patient's body mass index (BMI) was <18.5 kg/m 2 , for incidents in post-anaesthesia care units and non-theatre procedural areas, and for incidents under the main category of cardiovascular or neurological. The proportion of incidents associated with death was also higher (risk ratio >1.5) for BMI <18.5 kg/m 2 , incidents in non-theatre procedural areas, and incidents under the main category of cardiovascular or neurological. In addition, the proportion of incidents associated with death was higher for incidents in which the patient's age was >80 years, the American Society of Anesthesiologists physical status was 4 or 5, incidents involving non-elective procedures, and incidents occurring afterhours (1800 to 0800 hours). When faced with incidents with these potential risk factors, anaesthetists should consider earlier interventions and request assistance at an earlier stage. Educational strategies on incident prevention and management should place even further emphasis on scenarios involving these factors.
Introduction
webAIRS is a web-based de-identified anaesthesia incident reporting system, which was introduced in Australia and New Zealand in September 2009. A previous cross-sectional overview of the first 4,000 incidents reported to webAIRS, published in the January issue of this journal, indicated that 26% of the incidents were associated with patient harm, and a further 4% with patient death 1 . This report describes an analysis of patient and procedural factors associated with a higher proportion of harm or death versus no harm as outcome in the same 4,000 incidents. The aim of this supplementary analysis was to identify potential patient or procedural factors that are more common in incidents resulting in harm or death than in incidents with more benign outcomes. Identification of these factors could alert clinicians about incident scenarios where additional interventions or resources may be beneficial at an earlier stage. The information could also be used as the basis for further research into preventing adverse outcomes of anaesthesia incidents.
Methods
The method of webAIRS data collection and the categorisation of the first 4,000 incidents have been previously described, including details of the ethics approvals for the de-identified data analysis 1 . Of the 4,000 incidents, the patient outcome at the time of the incident was included in 3,583 reports: 2,514 no harm; 918 harm; and 151 death 1 . The outcome was not specified, or no particular patient was involved, in 417 reports.
As some incidents were assigned more than one main category by the anaesthetist reporting the incident, the total number of main categories exceeded 4,000. For incidents with outcomes of harm and death, a single main category was determined by scrutiny of individual incident narratives. This was not extended to no harm incidents.
The previous report presented the proportion of incidents associated with different patient sex, age, American Society of Anesthesiologists physical status (ASA PS), body mass index (BMI), procedure urgency (elective versus non-elective), anaesthesia technique, anaesthesia grade, procedure location, procedure time, and main category of incident. The current analysis breaks down these proportions into those associated with no harm, harm (other than death), and death. For example, the proportion of incidents for each patient age and ASA PS category are subcategorised into the proportions of incidents in which the outcome was no harm, harm, and death. The 95% confidence intervals (CI) were calculated using NCSS (NCSS, LLC, version 10.0.5). Each proportion and confidence limit was rounded up to three decimal places.
The relationship of patient sex to incident outcome was not analysed, given the absence of a plausible mechanism for patient sex to influence incident outcome. The relationship between anaesthesia technique and incident outcome was also not analysed, as this will be the subject of a subsequent more detailed analysis. In the current report, several subcategories of patient age, anaesthetist grade, and incident location were combined to reduce the total number of subcategories.
Within each subcategory, the ratio of the proportion of incidents associated with harm to the proportion of incidents associated with no harm was calculated. This was repeated for the proportion of incidents associated with death (versus no harm). All ratios >1.5 (i.e. risk ratio >1.5; 50% higher risk) were screened to determine if the proportion of incidents with harm or death were outside the 95% CI of the no harm proportion. For the purposes of this descriptive analysis, factors with proportions that met both these criteria (risk ratio >50%; harm or death proportion outside the 95% CI for the no harm proportion) were identified as those potentially associated with more adverse incident outcomes.
As in the previous report, while every attempt was made to ensure that all summary data including proportions were accurate, minor inaccuracies could not be completely excluded without further detailed review of every field of every record, including the narrative text fields.
Results

Patient age
The proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all categories of patient age. The proportion of incidents associated with death was >50% higher than the proportion associated with no harm for those incidents in which patients were >80 years of age (Table 1) .
Patient ASA PS
The proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all ASA PS classes. The proportion of incidents associated with death was >50% higher than the proportion associated with no harm for those incidents in which patients were ASA PS 4 and 5 (Table 2) .
Patient BMI
The proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all BMI ranges except for BMI <18.5 kg/m 2 ( Table 3) . This finding was similar for incidents associated with patient death (Table 3) .
Specialist grade
The proportion of incidents associated with both harm and death was similar to the proportion of incidents associated with no harm (risk ratio <1.5) for specialist and other grades Data presented as proportions and 95% confidence intervals (CI); PACU, post-anaesthesia care unit; PAC, pre-admission clinic. * Risk ratio versus no harm >1.5 and proportion outside the 95% CI for no harm. **Theatre suite includes anaesthesia induction rooms, operating theatres, and free-standing day surgery theatres. ***Other procedural areas are all other nontheatre areas including gastroenterology, cardiology, radiology and bronchoscopy suites.
of anaesthetists (i.e. non-specialists and all grades of trainee) ( Table 4) .
Location of incident
The proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all incident locations, except for the post-anaesthesia care unit (PACU) and other procedural areas (e.g. gastroenterology, cardiology, or radiology suites) ( Table 5 ). The proportion of incidents associated with death was also >50% higher than the proportion associated with no harm for incidents in other procedural areas (Table 5) .
Time of incident
The proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all daytime and afterhours incidents. In contrast, the proportion of incidents associated with death was >50% higher than the proportion associated with no harm for incidents between 1800 and 0800 hours (Table 6) .
Urgency of procedure
The proportion of incidents associated with harm was similar proportion of incidents associated with no harm for both elective and non-elective procedure incidents (risk ratio <1.5). In contrast, the proportion of incidents associated with death was >50% higher than the proportion associated with no harm for non-elective procedure incidents (Table 7) .
Main category of incident
There were 158 no harm incidents that had been assigned more than one main category. Even accounting for this slightly increased denominator, the proportion of incidents associated with harm was similar to or lower than the proportion of incidents associated with no harm (risk ratio <1.5) for all main categories of incident with the exception of cardiovascular and neurological (Table 8 ). This finding was similar for incidents associated with death. In addition, there was a >50% higher proportion of harm (versus no harm) for incidents categorised as other.
Discussion
The findings of this supplementary analysis suggest that there are several patient and procedural factors associated with an increased risk of adverse outcomes following an anaesthesia incident. There was a >50% higher proportion of harm (versus no harm) for incidents in which the patient's BMI was <18.5 kg/m 2 , for incidents in PACUs and other nontheatre procedural areas, and for incidents under the main category of cardiovascular or neurological. Although death as an outcome was rare, the proportion of incidents associated with death was higher (risk ratio >1.5) for incidents in which the patient's age was >80 years, the ASA PS was 4 or 5, and the BMI was <18.5 kg/m 2 . Incidents occurring in other nontheatre procedural areas, involving non-elective procedures, or occurring afterhours (1800 to 0800) were also associated with a higher proportion of death, as were incidents under the main category of cardiovascular or neurological. While many of these findings are not unexpected, they nevertheless Data presented as proportions and 95% confidence intervals (CI). * Risk ratio versus no harm >1.5 and proportion outside the 95% CI for no harm. reinforce the need for additional resources in older patients, those with higher ASA PS, and those undergoing nonelective procedures outside normal working hours. Incidents occurring in non-theatre procedural areas and those involving patients with a reduced BMI might also be associated with a higher proportion of adverse outcomes. In this analysis, increased risk was defined as a risk ratio >1.5 (>50% higher risk). This is an arbitrary definition, as any increased risk is undesirable. The definition is conservative, aimed at avoiding over-interpretation of the data. Readers interested in a lower or a higher risk can derive this information from the proportions and CIs provided in the tables. The actual risk ratios were not presented, in order to avoid quantitative interpretations. For the same reason, odds ratios were not calculated. There is also no attempt at inferential analysis or hypothesis testing, because of the type of data and the exploratory nature of the report. Moreover, voluntary incident reporting does not provide information on prevalence or incidence. Nevertheless, the relatively large number of incidents provides an opportunity to scrutinise patient and procedural factors to generate hypotheses about their association with adverse outcomes when an incident occurs.
When interpreting the data, it is important to keep in mind that the analysis in this report refers to the risk of harm or death once an incident has occurred, not on the risk of an incident occurring. For example, only a small proportion of incidents (2.35%) involved patients with a BMI <18.5 kg/m 2 1 . Yet when incidents occurred in this group of patients, there was a greater proportion of harm (versus no harm), which was not present for incidents in which patients were in other BMI categories. Similarly, only a small proportion of incidents involved patients with an ASA PS grade of 4 (9.4%) or 5 (0.95%), or >80 years (6.4%) 1 , although there was a higher proportion of death when an incident occurred in these patients.
The outcome of an incident will depend on its type and severity, the resilience of the patient, and the timeliness and appropriateness of the immediate and ongoing management. Many of the factors influencing outcome can be described using a 'bow-tie' diagram, which displays how hazards might progress through prevention barriers and escalation controls to result in harm, a near miss, or a crisis 2 . In the event of a crisis, the outcome depends on preparedness, and the efficacy of mitigation and recovery controls. The patient factors identified in this report may reflect reduced patient resilience (e.g. ASA PS 4-5 3 , age >80 years, BMI <18.5 kg/m 2 ), while the procedural factors may be related to scenarios in which the controls are less robust (e.g. incidents involving non-elective cases, afterhours cases or occurring in nontheatre procedural areas that have less immediate support).
There were several surprising negatives observed. For example, the proportion of harm and no harm were similar for all ASA PS grades and age ranges, when a higher proportion of harm might have been expected for higher ASA PS grades and age ranges. However, this was not the case for death, where a higher proportion was observed for ASA PS 4-5, and age >80 years. Similarly, the proportion of harm and no harm were comparable for urgency of procedure and time of incident, when a higher proportion of harm might have been expected for incidents involving more urgent procedures and afterhours cases. Again, this was not the case for death, where a higher proportion was observed for incidents involving non-elective cases and afterhours cases. A high proportion of death is expected for ASA PS 5, which by Data presented as proportions and 95% confidence intervals (CI). * Risk ratio versus no harm >1.5 and proportion outside the 95% CI for no harm. **More than one main category of incident was possible.
definition refers to patients who are not expected to survive without a procedure 3 . There was also no increased proportion of adverse outcome in patients with a high BMI. This may represent a true negative finding or may be false negative due to the relatively small number of incidents involving patients with a high BMI. Instead, there was an increased proportion of adverse outcome in patients with a low BMI. This may be the result of confounding, as many diseases result in weight loss. Alternatively, malnutrition may be an independent factor. Future studies would be required to clarify whether this is a true effect, and if so, to determine its mechanism.
The proportion of incidents resulting in no harm, harm and death were similar for both specialists and non-specialists. The non-specialists included mostly anaesthesia trainees. There were only a small number of incidents involving other non-specialist anaesthetists (n=27) 1 , which is consistent with the small proportion of anaesthetics administered by non-specialists who are non-trainees in Australia and New Zealand. It is not possible to fully interpret this finding without scrutiny of the incident narratives, because any analysis of the influence of specialist grade would need to consider the acuity of the patients involved. It is likely that specialist anaesthetists would have been involved in the majority of the higher acuity cases, but this would require confirmation in subsequent analysis.
The harm category is broad and includes a range of complications and outcomes, which could be mild, moderate or severe. They could also be transient, temporary, or permanent. The summary data in this analysis provide no information on severity or duration of harm. They indicate only that some harm occurred. Analysis of severity and duration will require more qualitative analysis of the narratives of individual incidents. This will be undertaken in subsequent reports. Importantly, without further analysis, the harm category should not be interpreted as necessarily implying either severe or permanent harm.
The outcome, death, while more categorical, does not provide information on the cause of death, or even imply that an anaesthesia factor was necessarily involved. While some or all the deaths could be related to anaesthetic factors, they may also be primarily due to procedural factors, or may be inevitable if a treatable cause was not discovered during an attempted life-saving procedure. Classification of death as 'anaesthesia-related' is typically a consensus opinion of an anaesthetic mortality committee 4 . Moreover, this report includes only those deaths that had occurred at the time of incident reporting; later deaths may not have been reported. Therefore, the deaths reported to webAIRS cannot necessarily be equated with deaths reported by anaesthetic mortality committees, and anaesthesia mortality rates cannot be extrapolated from mortality data in the webAIRS database. More broadly, data from cross-sectional studies cannot be used to determine any form of causation.
Incidents under the main category of cardiovascular and neurological had a higher proportion of harm and death than incidents in other main categories. The corollary is that incidents in other main categories had a lower proportion of harm and death. For example, incidents under the main category of medication, which was the second most common main category, had a reduced proportion of both harm and death (Table 8) . Incidents under the main categories of medical device/equipment, assessment/documentation, and infrastructure/system, also had low proportions of both harm and death (Table 8) . One explanation of these findings is that incidents with a low proportion of harm are more likely to be related to breaches of prevention or escalation controls, which are detected and corrected before harm occurs (i.e. incidents on the left-hand side of a bow-tie diagram 2 ). In contrast, incidents with a high proportion of harm are more likely to involve hazards that have progressed past these barrier controls to cause harm or a crisis (i.e. to the righthand side of a bow-tie diagram 2 ), manifesting typically as cardiovascular or neurological derangement or injury. This hypothesis would require further analysis of individual incident narratives.
The many benefits and limitations of incident reporting, and of the webAIRS system in particular, were outlined in the previous cross-sectional report 1 . One additional caveat in this report is the number of incidents in which the outcome was not specified (417). It can be assumed, although not inferred, that an adverse outcome was not a major feature of these incidents, otherwise the outcome would have been included. In any event, the non-specified outcomes involved only about 10% of the total incidents. Similarly, with the exception of BMI, only a small proportion of patient or procedural factors were not specified. A second caveat is that there may be an association between the occurrence of harm or death and the reporting of an incident; it may be that some anaesthetists report incidents associated with adverse outcomes more frequently than similar incidents with more benign outcomes. This form of potential bias should be considered when interpreting the results. However, this possibility should not detract from the key message of this report, which relates mostly to factors associated with adverse outcomes, rather than to the absolute proportions of adverse outcomes. Yet another caveat is the broad categories of factors considered. For example, time of incident is categorised as 0800-1800, 1800-2200, and 2200-0800 hours. It may be that scrutiny of individual incident narratives will identify more specific risk periods (e.g. 0300-0600 for time of incident), so this summary analysis should be considered a broad screen that will require closer focus in future reports.
In summary, this second study on the first 4,000 incidents reported to webAIRS builds on the information provided in
